INTRODUCTION {#s1}
============

The SMILE-4 study was specifically designed to investigate the efficacy and safety of early administration of zofenopril and ramipril plus acetyl salicylic acid (ASA) in patients with acute myocardial infarction (AMI) complicated by left ventricular systolic dysfunction (LVD) and treated with daily 100 mg aspirin.^[@R1]^ The combination of angiotensin-converting enzyme (ACE) inhibitors and ASA is recommended to treat acute infarction and ischemic heart disease.^[@R2]^ In patients with heart failure, a daily dose of 80--100 mg ASA is used to decrease the risk of atherothrombosis, without interfering with hemodynamic, neurohumoral, or renal functions. ASA prevents thromboxane A2 synthesis by platelets and reduces prostaglandin production by cyclooxygenase in the vascular endothelium.^[@R3],[@R4]^ Similarly, in the early phase of myocardial infarction (M)), ACE inhibitors are recommended for their effect on renin--angiotensin system. In addition, they favor prostacyclin production by delaying bradykinin breakdown.^[@R5]^ This bradykinin-induced prostacyclin stimulating effects by ACE inhibitors is apparently counteracted by the inhibition of prostacyclin production by ASA, thus generating some concerns about the opportunity to concomitantly use ACE inhibitors and ASA, particularly for long-term treatment of post-MI.^[@R6]^ A retrospective analysis indicated that a negative interaction between aspirin and ACE inhibitors may reduce the beneficial effects of ACE inhibitors in patients with heart failure.^[@R7]^ However, in patients with stable LVD, no interactions among aspirin, ACE inhibitors, and overall survival were observed.^[@R8]^ Preclinical data on experimental animal models suggested that ACE inhibitors may have a different response to cyclooxygenase inhibition.^[@R9]^ Captopril and zofenopril with their sulfhydrylic group maintain a cardiovascular (CV) protective effect even in the presence of cyclooxygenase inhibitors differentially to enalapril,^[@R9]^ ramipril,^[@R10]^ or lisinopril.^[@R11]^ Sulfhydryl ACE inhibitors might have a cardioprotective mechanism of action, which only in part includes a prostaglandin-mediated mechanism. In the Valsartan in Acute Myocardial Infarction (VALIANT) study in which 92% patients were treated with aspirin or other antiplatelet agents, captopril had similar outcomes than valsartan or placebo.^[@R12]^ Similarly, in the SMILE-4 study, zofenopril treatment plus ASA compared with ramipril plus ASA significantly reduced the CV hospitalization by 36% without affecting the mortality rate. Drug safety profile was comparable between treatments.^[@R1]^ This follow-up study was aimed to evaluate whether benefits of early treatment after AMI with zofenopril plus ASA compared with ramipril plus ASA in patients previously enrolled in the SMILE-4 study were sustained over the long term.

MATERIALS AND METHODS {#s2}
=====================

Study Population {#s2-1}
----------------

In the SMILE-4 study, the first patient was enrolled in March 2005, whereas the last patient was completed in July 2009. In 2012, the study investigators agreed that patients randomized and followed up in the main SMILE-4 study, who could be tracked after the study end and consented to provide information on their current status during a visit at the center, could be included in an observational retrospective follow-up study.^[@R1]^ This consisted of 3 phases. Between June and July 2012, a phone survey was carried out among all participating centers to know their availability in participating in the follow-up study and whether it was still possible to contact the patients originally enrolled in the trial. At that time, it was estimated that 386 of the 518 patients who terminated the study could be tracked and contacted. A second (feasibility) phase took place between September 2012 and February 2013, when a clinical monitor visited the centers to check the availability of patients: at the end of this phase, it was estimated that 290 patients could be tracked, and thus, the study protocol could be submitted to local Ethics Committees of the consenting centers. The countries involved in the original SMILE-4 interventional study were Italy (27 sites, 153 patients completed), Russia (12 sites, 154 patients), Ukraine (7 sites, 38 patients), Romania (9 sites, 118 patients), Portugal (3 sites, 4 patients), Turkey (4 sites, 27 patients), Spain (2 sites, 20 patients), and Greece (2 sites, 4 patients). Centers from Portugal, Turkey, and Greece did not take part in the SMILE-4 follow-up study. Centers from Spain did not obtain approval for the study. Eleven of the original 27 sites in Italy, 4 of 12 in Russia, 2 of 27 in Ukraine, and 4 of 9 in Romania refused to participate or did not obtain approval from their Ethics Committees. As the main study, the follow-up trial was coordinated by the Internal Medicine Unit of the University of Bologna (Italy), whose Ethics Committee gave approval for conduction of the observational study in June 2013. The original double-blind SMILE-4 study was registered in the EU Clinical Trials Register (EudraCT number: 2004-001150-88) and in the Italian Ministry of Health Register (code: GUIDOTT_III_2004_001). Given the observational nature of the follow-up study, this did not require any further registration. During the follow-up, the first patient was visited in May 2014 and the last in December 2014.

The main SMILE-4 study enrolled male and nonpregnant female patients aged 18--85 years with a confirmed diagnosis of ST Elevation MI (STEMI) or Non-ST Elevation MI (NSTEMI) in the 24 hours preceding the enrollment and with clinical and/or echocardiographic LVD evidence. Patients with percutaneous transluminal coronary angioplasty or a coronary artery bypass graft were also included. The main exclusion criteria were as follows: severe hypotension, a history of renal artery stenosis, significant valve disease, current treatment with ACE inhibitors, angiotensin-receptor blockers (ARBs) or ASA, hypersensitivity to these drugs, a history of stroke, renal failure, severe liver impairment, hematologic diseases, or other significant clinical conditions. Anticoagulant treatment was allowed only during the acute phase of the infarction.

The follow-up study was performed following the Guidelines for Good Clinical Practice and the Declaration of Helsinki. The protocol was approved by the Institutional Review Board of the University of Bologna (coordinating center) and by the local ethics committees of each participating center (a list of centers is available in the acknowledgments). Written informed consent was obtained from each patient before enrollment.

Study Design {#s2-2}
------------

The original SMILE-4 study was a phase III b randomized, double-blind, parallel group study. Briefly, eligible patients were treated with open-labeled zofenopril for 4 days in an uptitration scheme plus an evening dose of 100 mg ASA. On days 1 and 2, patients received zofenopril 7.5 mg twice daily plus an evening dose of ASA 100 mg. On days 3 and 4, the zofenopril dose was doubled (15 mg twice daily), whereas the dose of ASA remained unchanged. On day 5, patients were randomized 1:1 to receive zofenopril 30 mg twice daily plus ASA 100 mg once daily or ramipril 5 mg twice daily plus ASA 100 mg once daily for 12 months. Zofenopril and ramipril were supplied as identical oral tablets (overencapsulation technique). In the event of severe hypotension (systolic blood pressure \<90 mm Hg) or any other clinically relevant adverse event, treatment was discontinued and the patient was withdrawn from the study. The study medications were administered in combination with standard recommended treatments for AMI, excluding other ACEIs, ARBs, and antiplatelet drugs other than ASA, clopidogrel, or ticlopidine. Concomitant chronic anticoagulant treatment was allowed in the acute phase of myocardial infarction (MI) and in case of a specific indication or in patients who reached a study endpoint. Patients were followed up for 12 months. Further details on the original study protocol and procedures are available in the main study publication.^[@R1]^

In the SMILE-4 follow-up study, information on patients\' status (current medication and CV outcomes---only if requiring hospitalization) was collected during a visit at the center.

Statistical Analysis {#s2-3}
--------------------

As in the SMILE-4 study, the primary outcome was the combined occurrence of death or hospitalization for CV causes (congestive heart failure, AMI, angina, or a decline in the left ventricular ejection fraction \>15%) in patients originally randomized to zofenopril and ramipril. The survival analysis started on the date of entry into the SMILE-4 study. Baseline characteristics and variables distribution were compared using a χ^2^ test for categorical variables and Student\'s *t* test for continuous variables. Differences in CV mortality and morbidity rate were assessed in a logistic regression model as estimated odds ratio (OR) and 95% confidence interval. To compare treatment group, the χ^2^ analysis was applied to data with the Mantel--Haenszel extension. Time-to-event curves were drawn using Kaplan--Meier estimates, and the survival analysis was performed according to the log-rank statistics.

All *P* values are 2-tailed, and the minimum level of statistical significance was set at *P* \< 0.05. Data management and statistical analysis was carried by a team under the supervision of the study coordinators.

RESULTS {#s3}
=======

Patient Population {#s3-1}
------------------

Of the 518 patients terminating the original study, 386 were tracked after the study end and consented to participate in the follow-up study: 196 were originally randomized to zofenopril and 190 to ramipril. During the study, 121 patients (52 in the zofenopril group and 69 in the ramipril group; *P* = 0.038) were lost to follow-up. Thus, the full analysis set included 265 patients: 144 of the former zofenopril and 121 of the former ramipril group (Fig. [1](#F1){ref-type="fig"}).

![Flow diagram of the patients throughout the study.](jcvp-69-298-g001){#F1}

No differences were observed between the 2 groups in demographic and clinical characteristics, except for a larger proportion of patients previously submitted to a percutaneous transluminal coronary angioplasty (*P* = 0.021) (Table [1](#T1){ref-type="table"}), consistently with the original study.^[@R1]^

###### 

Baseline Demographic Characteristics of the Patients of the Intention-to-Treat Population (n = 265)

![](jcvp-69-298-g002)

Concomitant Treatments During the Study {#s3-2}
---------------------------------------

A total of 149 patients (56.2%) were still taking an ACE inhibitor during the follow-up. Forty-three (28.9%) patients were treated with the originally assigned treatment, 52 (34.9%) switched to the other randomized drug, whereas in 54 patients (36.2%), ACE inhibitors different from zofenopril or ramipril were administered. As summarized in Table [2](#T2){ref-type="table"}, apart from ACE inhibitors, the most common concomitant CV drugs were antithrombotic agents (65.7%), lipid-lowering drugs (51.3%), and beta-blockers (43.4%). No difference (*P* = 0.610) was observed in the distribution of concomitant CV treatments between 2 groups.

###### 

Concomitant CV Drug Treatments During the Follow-up Period in the 2 Study Groups (Intention-To-Treat Population)

![](jcvp-69-298-g003)

CV Death or Hospitalization {#s3-3}
---------------------------

During the average 5.5 ± 2.1 years of follow-up, CV death or hospitalization occurred in 40 of 144 patients originally randomized and treated with zofenopril (27.8%) and in 53 of 121 patients treated with ramipril (43.8%). This accounted for a 35% significantly higher chance of surviving without events in patients taking zofenopril in the early phase of AMI and continuing it for at least 1 year \[OR and 95% CI, 0.65 (0.43--0.98), *P* = 0.041\]. The average survival time significantly differed between 2 treatment groups, in favor of zofenopril \[6.8 (6.4--7.2) versus 6.5 (6.0--7.0) years with ramipril, *P* = 0.037 log-rank test, Fig. [2](#F2){ref-type="fig"}A\].

![Incidence of CV mortality or hospitalization for CV causes (A), CV death (B), or CV hospitalization (C) during the follow-up in patients originally randomized and treated with zofenopril (continuous lines, n = 144) or ramipril (dashed lines, n = 121). Data refer to the intention-to-treat population. *P*-value from the log-rank statistics.](jcvp-69-298-g004){#F2}

CV Death {#s3-4}
--------

As shown in Table [3](#T3){ref-type="table"}, during the follow-up, the number of deaths was low and did not significantly differ among the 2 groups (*P* = 0.459). Thirteen deaths (9.0%) were reported in patients originally assigned to zofenopril and 15 (12.4%) in patients formerly randomized to ramipril. The risk of CV death was 0.75 (0.36--1.59). Time of death was also similar in the zofenopril \[7.8 (7.5--8.0) years\] and ramipril group \[8.0 (7.6--8.3), *P* = 0.440 log-rank test, Fig. [2](#F2){ref-type="fig"}B\].

###### 

Absolute and Relative Frequency (%) of Causes of CV Death and of Major CV Events Requiring Hospitalization During the Follow-up

![](jcvp-69-298-g005)

Hospitalizations for CV Causes {#s3-5}
------------------------------

The hospitalization reasons and their distribution are described in Table [3](#T3){ref-type="table"}. The rate of hospital admissions for CV causes was significantly (*P* = 0.047) reduced by 39% \[OR = 0.61 (0.37--0.99)\] in patients formerly receiving zofenopril (27 of 144, 18.8%) as compared to those receiving ramipril (38 of 121, 31.4%). The average time to hospitalization was 7.1 (6.--7.5) years in the zofenopril and 6.8 (6.3--7.3) years in the ramipril group (*P* = 0.035 log-rank test, Fig. [2](#F2){ref-type="fig"}C).

DISCUSSION {#s4}
==========

This study described the 5-year follow-up of the SMILE-4 study. In patients originally treated after AMI with zofenopril plus ASA, a significant reduction in the combined risk of CV deaths or hospitalizations was still observed over 5 years as compared to those originally treated with ramipril plus ASA. The rate and time of hospitalization were significantly reduced with zofenopril, whereas CV deaths and the time of occurrence were similar with the 2 ACE inhibitors. These results are consistent with findings of the original SMILE-4 study after 1 year of follow-up. Compared with the SMILE-4 study,^[@R1]^ during the 5 years of follow-up, the rates of CV death marginally increased in the zofenopril group (from 5% to 9%) and more consistently in the ramipril group (from 3% to 12%). Conversely, the rate of hospitalization was unchanged in originally ramipril-treated patients (31 vs. 33%) and reduced in originally zofenopril-treated patients (from 24% to 19%). Thus, this follow-up study suggests that early treatment with zofenopril after AMI may offer more favorable sustained effects than early treatment with ramipril.

Our results are in line with those of previous similar long-term trials. The Chinese Cardiac Study (CCS-1) trial on 15,000 patients described lower CV mortality with early captopril treatment versus placebo (10.0% vs. 11.8%, *P* = 0.01) within a median follow-up of 23.4 (±16.9) months.^[@R13]^ Similarly, in the follow-up of the Survival and Ventricular Enlargement clinical trial, captopril treatment prevented 7.0 (95% CI, 0.5--13.5) combined CV events for every 100 treated patients in the presence of hypertension and 7.5 (2.6--12.5) events in the absence of hypertension. Patients included in the Survival and Ventricular Enlargement study survived an AMI and had left ventricular dysfunction; the mean follow-up lasted 42 (±10 months).^[@R14]^ After a mean 59 months of follow-up, the results from the Acute Infarction Ramipril Efficacy study indicated that death from all causes occurred in 38.9% of patients assigned to placebo and 27.5% of patients treated with ramipril, with a relative risk reduction of 36% (15%--52%; *P* = 0.002) and an absolute reduction in mortality of 11.4%.^[@R15]^ At the end of the Acute Infarction Ramipril Efficacy study, 15 months after randomization, all-cause mortalities were 22.6% in the placebo group and 16.9% in the ramipril group, with an absolute mortality reduction of 5.7% and a relative risk reduction of 27% (11%--40%; *P* = 0.002).^[@R15]^ The 5-year survival analysis from the Gruppo Italiano per lo Studio della Sopravvivenza nell\'Infarto (GISSI-3) trial suggested that lisinopril treatment improved survival mainly because of a reduction in cardiac rupture, electromechanical dissociation, and pump failure occurring early (within 4 days) from the onset of MI symptoms. The beneficial effects of lisinopril observed at 6 weeks (8 fewer deaths per 1000 treated patients) were maintained up to nearly 5 years (10 fewer deaths per 1000).^[@R16]^ Thus, the use of ACE inhibitors during the early phases of AMI has proven long-term advantages in terms of clinical outcomes.

In the SMILE-4 follow-up study, we directly compared the long-term effects of 2 ACE inhibitors and described better outcomes in patients previously treated with zofenopril than ramipril. Indeed, these 2 compounds are chemically different: the presence of a sulfhydryl group in the zofenopril structure may confer additional cardioprotective properties to this agent.^[@R17]--[@R22]^ Furthermore, zofenopril has antioxidants features at clinically achievable tissue concentration: in endothelial cells enhances nitric oxide production, attenuates atherosclerotic lesion development, and inhibits cellular adhesion molecule expression.^[@R23]--[@R25]^ These characteristics may be advantageous to control the cardiac hypertrophy, independently of blood pressure--reducing effects.^[@R17]^ Indeed, the results of the SMILE-ISCHEMIA study supported the beneficial effect of zofenopril in patients with normal left ventricular function and demonstrated lower rate of development and progression of congestive heart failure with the ACE inhibitor treatment.^[@R26]^ However, during the follow-up of the SMILE-4 study, a relatively small percentage of patients took ACE inhibitors, beta-blockers, and antithrombotic therapy, despite current international guidelines strongly recommend the use of these drugs after MI.^[@R27]^ Compared with the original SMILE-4 study, the percentage of patients who took beta-blockers decreased while increased those of patients who took ACE inhibitors and ARBs. It is well established that ACE inhibitors should be given to patients with an impaired ejection fraction (\<40%) or to those who have experienced heart failure in the early phase. Long-term administration of ACE inhibitors is recommended in all patients with atherosclerosis, but it cannot be considered mandatory in post-STEMI patients who are normotensive, without heart failure, or have neither LVD nor diabetes.^[@R27]^ Similarly, the benefit of long-term therapy with beta-blockers has been confirmed by a number of clinical trials and clinical practice. Its early use may be associated with a modest benefit in low-risk, hemodynamically stable patients.^[@R27]^ The antithrombotic therapy with ASA should be used indefinitely in all patients with STEMI because the long-term antiplatelet therapy reduces the yearly risk of serious vascular events by about a quarter.^[@R28]^ The concerns about the concomitant use of ASA and ACE inhibitors have been partially overcome with data from the VALIANT study and the SMILE-4 study in which ASA did not affect the clinical outcomes of ACE inhibitor treatment.^[@R1],[@R12]^

This study has some limitations. First, only 37% of the original population of the SMILE-4 study participated at this follow-up study. However, baseline characteristics were similar to those of the original study and still well distributed in the 2 groups. Second, because a considerable amount of the patients originally participating in the SMILE-4 study was lost to follow-up with no information on the CV outcome, we cannot exclude that, at least at an intermediate period of follow-up, the efficacy of the 2 drugs could be different from that observed in the patients actually included in the final analysis. Third, during the follow-up, 84% of randomized treatments originally assigned to patients was switched to the other ACE inhibitor or changed with different ACE inhibitors or drug classes. Therefore, the long-term beneficial effects of zofenopril seem to be more attributable to its early use after AMI than to other following treatments. The change of therapies during the follow-up may represent a confounding factor and may underestimate the real long-term advantage of early zofenopril use. Fourth, differences in the efficacy of the 2 drugs may be related to the fact that the doses of the 2 comparators may not be situated at the same level of their respective dose--response curves. However, this is unlikely because the doses of zofenopril (60 mg daily) and ramipril (10 mg daily) used in the SMILE-4 study, correspond to the maximum daily maintenance doses recommended by the manufacturers for treating patients with AMI with or without signs and symptoms of heart failure (zofenopril) and for treating patients with symptomatic heart failure (ramipril).

In conclusion, the SMILE-4 follow-up confirms that the early concomitant administration of zofenopril and ASA had long-term major benefits in terms of reduced risk of CV deaths and hospitalization rate than ramipril plus ASA. Further studies are recommended to evaluate head-to-head long-term benefits of early use of different ACE inhibitors after AMI to identify the most favorable therapeutic scheme.

Members of the SMILE-4 Working Party: Coordinator: C. Borghi (Bologna). Study centers: Italy: Affatato Alfredo, Bergerone Serena, Bezante Gian Paolo, Caso Pio, Cipolla Tommaso, Fattore Luciano, Fiscella Antonio, Ielasi Giuseppe, Iuliano Tina, Marenzi Giancarlo, Novo Salvatore, Russo Nunzio, Scollo Vincenzo, Tamburino Corrado, Venturini Elio, Villani Giovanni Quinto; Romania: Cinteza Mircea, Constantin Militaru, Manitiu Ioan, Pop Calin, and Vinereanu Dragos; Russia: Avenirovitch Kostenko Victor, Borisovich Karpov Yuriy, Mikhailovich Goloschekin Boris, Mikhaylovich Nifontov Evgeniy, Nikolaevna Burova Natalia, Uskach Tatyana, Vladimirovich Vilks Timur, and Yurievich Vishnevsky Alexander; Ukraine: Ankindinovna Koval Olena, Iosifovna Tseluiko Vera, Petrovich Vakalyuk Igor, Victorovich Rudenko Leonid, and Vladimirovich Batushkin Valerii. Statistician: G. Reggiardo (Milano).

Supported by Menarini International Operations Luxembourg S.A.; Laboratori Guidotti S.p.A. and Istituto Lusofarmaco d\'Italia S.p.A. through an unconditional and unrestricted grant. The funding source did not influence or commented on planned methods, protocol, data analysis, and the draft report.

C. Borghi: Abbott USA shareholder, BMS USA shareholder, Boheringer Ingelheim consultancy, Menarini International Consultancy. The remaining authors report no conflict of interest.
